Deferiprone a Non-toxic Reagent for Determination of Iron in Samples via

Introduction
Deferiprone (1,2-dimethyl-3-hydroxy-4-pyridinone) or L1 which is depicted in Fig. 1a is a white crystalline solid with a molecular weight of 139.15 gmol -1 . It is an iron chelater indicated for the treatment of patients with transfusional iron overload due to thalassemia syndromes when current chelation therapy is inadequate. It has a high efficiency for binding iron to form Fe(III)-deferiprone complex with a mole ratio (Fe(III) : deferiprone ) of 1:3 (Fig.   1b ). This complex is stable in an aqueous solution with the maximum absorption wavelength at 450 nm [1, 2, 3] .
Fig. 1
Iron is an essential mineral for health and a component of hemoglobin in the red blood cells which carry oxygen from the lungs to the cells of the body. In addition, it is involved in reactions within the body that produces energy [4] . Iron is generally found in water and food such as liver, beef, pork, tofu, soybean, cereals, spinach, watercress, etc. In pharmaceutical it can be found in the iron form such as ferrous fumarate. A lack of iron affects the development of the red blood cells and causes iron deficiency anemia [5] . In order to avoid such deficiencies, an adequate supply of iron is needed. Ferrous fumarate [6] , is a drug formula that provides the body with the extra amounts of iron. It is used to treat or prevent iron deficiency anemia, a condition that occurs when the body has fewer red blood cells than it needs owing to a poor diet, excess bleeding, or as the result of other medical problem.
Sequential Injection Analysis (SIA) is one of the flow-based analytical techniques that is used for the determination of iron in various samples with emphatic advantages such as simplicity, rapidity, sensitivity, reproducibility, flexibility and low chemical consumption [4] .
However, the drawback has emerged because most of the reagents employed such as tiron [5] ,
aniline [7] and Ferrozine [8] are toxic and have health impacts on humans. The developing of a non-toxic reagent which is sensitive, less toxic chemical in waste production, cost effective and human friendly is needed. In drug formulations norflocaxin [9] which is a less toxic reagent for iron determination has been used in batch-wise method. Liawrungrath et. al employed Flow
Injection analysis along with norflocaxin [10] for the determinarion of Fe(III). Ruengsitagoon [11] used FIA with chlortetracycline to detect Fe(III). Grudpan et.al [12] also utilized FIA with aspirin to determine the amount of Fe (III) in the solution. Although those methods use drugs which are less toxic, the drawbacks of theses technique are higher amounts of chemical consumption and waste production when compared to the SIA technique. Therefore, to solve this problem the use of a non-toxic reagent along with the SIA for the determination of iron is an attractive alternative technique.
In this issue we present the use of deferiprone, a non-toxic complexing reagent for the determination of iron in samples (ferrous fumarate tablets, water sample and food sample) by using the SIA system. The method is based on the measurement of the absorbance of Fe(III)-deferiprone complex which is formed between iron(III) and deferiprone when the complex is dissolved in buffer solution. The optimum conditions for determining iron content were also investigated.
Experimental
Chemicals
The chemicals used were of analytical reagent grade and employed without any further purification. Deionized water was used for preparation and/or diluted solutions throughout the experiments.
Working stock standard solution of Fe(III) (10.0 µg mL -1 ) was prepared by diluting 5.00 mL of 1000 µg mL -1 stock standard Fe(III) solution (AAS standard, Merck, Germany) into a 500 mL volumetric flask and adjusting the volume with 1.0% nitric acid. Working solutions were prepared by appropriate dilution of the working stock solution.
Buffer solutions ranging from pH 3 to pH 6 and from pH 6 to pH 9 were prepared by mixing an appropriate ratio of 0.1 mol L 
Apparatus
The assembled SIA system used in this work was depicted in 
Sample preparation
Ferrous fumarate tablets were purchased from drug store and prepared according to the standard USP method [13] . About 0.1 g of the drug powder (20 tablets) was accurately weighed and transferred into a 250 mL beaker containing 25 mL of water, 2.5 mL of nitric acid and 7. The samples were filtered through a 0.45 µm filter at the sampling sites and then acidified with concentrated nitric acid. After that, they were stored in polyethylene bottle that had been washed previously with nitric acid and deionized water for several times. Water sample (1 0 0 mL) was treated with 2.0 mol L -1 nitric acid and heated to a small volume. It was then cooled to room temperature, filtered and diluted to appropriate concentration.
Food samples: chicken liver, beef liver, pork liver, tofu and soybean were purchased from Sermthai supermarket, Mahasarakham province. About 1.0 g of homogenized sample was accurately weighed in a porcelain crucible and was subjected to dry ashing in a muffle furnace at 400-500 0 C, until white ash was obtained. The ash was dissolved in 2.0 mL of concentrated nitric acid and warm water. Then the sample solution was diluted to 100 mL with deionized water.
Procedure
The procedure for the determination of iron using deferiprone as reagent by the assembled SIA system is illustrated in Fig. 2 . Firstly, the system was cleaned thoroughly by switching a ten-port selection valve (SV) to the detector position and propelling the carrier 
Results and Discussion
Preliminary study
Absorption spectrum of Fe(III)-deferiprone complex
The Fe(III)-deferiprone complex was prepared using 1.0 µgmL Figure 3 revealed that the stable complex showed maximum absorption at 460 nm while the absorption signals of both pure Fe(III) and deferiprone solution did not interfere with the complex. Generally, the complexation reactions between metal ions and ligands are pH dependent. Selectivity for spectrophotometric determination of each metal ion can be achieved by adjusting the pH level of the reaction medium. This is not only affecting on the selectivity but also influenced on the stoichiometry of the complexes resulting in hypsochromic shift and/or bathochromic shift of the maximum absorption wavelength depending on the reaction concerns. Therefore, the influence of pH from pH 3.0 to 9.0 on the absorbance of the complex was also investigated. The result showed that, the absorbance of the Fe(III)-deferiprone complex increased while the pH of the solution was increasing up to 7.5. Above of this pH, the absorbance was decreased significantly. It can be explained that, pH 7.5 was increased the ionic strength of the solution and stabilized the anionic forms of deferiprone resulting to form the Fe(III)-deferiprone complex efficiently [2] . Thus the maximum absorption wavelength of the complex at 460 nm at pH 7.5 was used for further studies.
The stoichiometry
The stoichiometry of Fe(III) and deferiprone to form a stable Fe(III)-deferiprone complex was explored using the mole-ratio method [14] . A series of solutions were prepared in which the concentration of Fe(III) was kept constant while the concentration of deferiprone varied. The absorbance of each solution was then measured and plotted against the mole-ratio of deferiprone. Fig. 3 showed a break in the slope of the curve that occurred at the mole-ratio (Fe(III) : deferiprone) of 1:3 which was in accordance to the previous study [2] . Fig. 3 
Optimization
The parameters including aspiration sequence, flow rate, aspiration volume and the concentration of reagent were examined using the univariate method. This was accomplished by varying the investigated parameter while the others were fixed. For each parameter explored five replicates were performed using 1.0 µg mL -1 of standard Fe(III) solution. The optimum values were selected at the highest absorbance and low background.
Aspiration sequence
The aspiration sequence of the solution was carried out by aspirating equal volumes 
Effect of flow rate
The effect of flow rates on the absorption signal of Fe(III)-deferiprone complex was investigated over the range of 0.5-5.0 mL min deferiprone and phosphate buffer pH 7.5. Fig. 5showed that, the absorbance of the complex was not significant difference at any studied range of flow rate, but with the better precision for flow rate was 2.5 mL min -1 to lower. Indicating that, flow rate of the solution was negligible effect on the absorbance of the complex due to a small internal diameter of tubing was used in the SIA system, leading to a lower dispersion of the solution during its movement from the holding coil to the detector. Hence, a flowrate of 2.5 mL min 
Effect of deferiprone concentration
Normally in flow analysis techniques, the amount of reagent is greater than the required stoichiometry of the complex which is needed to complete the color development. 
Analytical figures of merit
The validity of the proposed method including the linearity ranges, the detection limits (LOD), the quantitation limits (LOQ), the precision and the accuracy were examined under the optimum conditions as shown in Table 1 The detection limit (LOD) and the quantitation limits (LOQ)were determined according to the concentration of the analyte leading to a signal that was three times (3r) and ten times (10r)of the blank standard deviation. It was found that the LOD andLOQ were 0.032 lgmL where the peak high as absorbance was measured. Statistical evaluation revealed that the percentage relatively standard deviation of three studied concentration levels for repeatability were 4.3%,2.4% and 1.7%, respectively, and the reproducibility were 4.8%,3.3% and 2.2%, respectively. The accuracy as the percentage recovery was investigated by adding the standard iron(III) solutions into the samples which were determined by the proposed method. Table 2 showed the percentage recoveries of iron were over the range from 96% to104%.
Investigation of interfering ions
The effect of some interference species on the determination of iron was investigated.
The maximum weight ratio of the species explore to Fe(III) was up to 500:1. The tolerance is defined as the interference species concentration causing an error smaller than ±5 % for determination of the analyte of interest. The tolerance values of the investigated species using 1.0 µg mL -1 of Fe(III) as an standard were > 500 µg mL with an appropriate improvement of the selectivity. However Al(III) is absent in the studied samples. Therefore, it can be considered to have no interference in this case.
Sample analysis
The proposed reagent was applied to determine the amount of iron in Ferrous furmarate tablets, water samples and food samples by comparison to the standard FAAS method. The samples were prepared prior to analysis, which were described previously in section 2.3. Table   2 showed the content of iron which ranges from 45 to 65.7 mg per tablet found in ferrous furmarate tablets, and the range from 0.06 to 16.50 µg mL -1 found in water and food samples.
The sampling rate of this method was found to be 60 h -1 . In addition, the results obtained from the proposed method were not significant different with those calculations from the labeled amounts. The analysis by the standard FAAS method, which was evaluated by the student ttest with a confidence value of 95% gave us the following values (tcal = 0.4446, ttable = 2.1009).
These values indicate that using deferiprone for the determination of iron can be used as an alternative human friendly choice . Table 3 showed the analytical characteristics of the proposed method for determining iron compared to some previous publications based on flow analysis using various reagents.
This method provides a wide linearity range, rapid, sensitive and low chemical consumption.
Moreover, the main benefit of this approach is that it uses a non-toxic reagent unlike the other methods.
Conclusion
The proposed protocol demonstrates for the first time the use of deferiprone a non-toxic complexing agent for the determination of iron in real samples (ferrous fumarate tablets, water samples and food samples) with a relative standard deviation (%RSD) of less than 6%, the percentage recovery over the range from 96.0 to 104.0% and a sampling of 60 h Table 1 Optimum conditions of the proposed method. Table 2 Comparative determination of Fe(III) in various samples by using the proposed method and the FAAS method. Table 3 Comparison of the analytical characteristics of the proposed method for determining iron with other published using a flow analysis method. 
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